Radio relics are diffuse synchrotron sources generally located in the peripheries of galaxy clusters in merging state. According to the current leading scenario, relics trace gigantic cosmological shock waves that cross the intra-cluster medium where particle acceleration occurs. Under the assumption that particles are accelerated at the shock front and are subsequently deposited and then age downstream of the shock, the magnetic field strength in radio relics can be constrained by measuring the thickness of the relic at different radio frequencies. In this paper we adopt this methodology to the relics in the clusters A 521 and CIZA J2242.8+5301. In these relics we find that a pure radiative aging of electrons downstream is consistent with observations allowing us to constrain the magnetic field strength. These results, together with the lower limits to the magnetic field that we derive from the lack of inverse Compton X-ray emission from the sources, have been combined with Faraday rotation measurements of the Coma cluster to derive a global result. Results suggest that the spatial profile of the magnetic field energy density is broader than that of the thermal gas, implying that the ratio between the thermal and the magnetic field energy densities decreases with cluster radius. Alternatively, radio relics could trace dynamically active regions where the magnetic field strength is increased with respect to the average value in the cluster volume.
Introduction
Giant radio relics are synchrotron sources characterized by elongated morphologies and peripheral locations that are found in merging galaxy clusters. There is broad consensus that radio relics trace enormous shocks where the emitting particles can be accelerated or re-accelerated [1] . After being accelerated/re-accelerated, relativistic electrons are then advected into the downstream region at the downstream velocity V d and cool due to inverse Compton (IC) and synchrotron losses
where B is the magnetic field and B CMB = 3.25(1 + z) µG is the equivalent magnetic field due to IC scattering of cosmic microwave background (CMB) photons. The combination of transport and particles aging sets the thickness of radio relics as seen at different frequencies. Emitting electrons can travel a maximum distance from the shock = V d τ ν , where τ ν is the particle life-time. For a synchrotron source emitting at redshift z at observing frequency ν, it is:
For this reason the measure of the transverse size of relics at several frequencies ν constrains the magnetic field strength in these sources, once the downstream velocity
4M is derived from X-ray observations (c s is the upstream sound speed and M is the shock Mach number) [2, 3] .
Aging and geometric models
The "standard" scenario where electrons age downstream due to constant (in space) synchrotron and IC losses (Eq. 1.1) can be too simplified as several processes can be triggered in the downstream region.
In Fig. 1 we report the scalings of the relic thickness for different aging scenarios: (i) the case of constant synchrotron and IC losses, (ii) a case where electrons are also re-accelerated by second order Fermi mechanisms downstream, (iii) the case of pure aging, where electrons age in a magnetic field that decays exponentially downstream. We highlight that re-acceleration or a decaying magnetic field downstream can produce either steeper or flatter scalings with respect to the "standard" model Φ ν ∝ ν −1/2 (Eq. 1.2). These effects are best seen at low frequency.
In the real case projection effects make things more difficult because they increase the observed transverse size of the relic, Φ ν . For this reason we use a basic geometric model in which the observed thickness of the relic is contributed by the projection of the "surface" of the shock (that is frequency independent):
where L is the length of the relic. The free-parameter θ , the angle between the shock surface and the plane of the sky, can be constrained by measuring the thickness (i.e. the FWHM) of the relic at several different radio frequencies. 
Magnetic field constraints
We applied our simple geometric method to the relics in the clusters A 521 [4, 5] and CIZA J2242.8+5301 [6, 7] . The availability of X-ray observations allows to obtain the main properties of the underlying shock, for example the downstream velocity. The combination of observations at different radio frequencies allows to fit Eq. (2.1), leading to select a region in the (B, θ ) plane.
The magnetic field estimates must unavoidably bump into the limits due to (i) the lack of IC emission from the relics, which results in a lower limit, B IC , to the field strength and (ii) the comparison between thermal (ε th = 3n e k B T ) and magnetic (ε B = B/8π) energy densities; with respect to this latter point we assume ε B < 0.3ε th .
For the two radio relics results are consistent with a pure radiative aging model (Eq. 1.2), allowing us to readily derive constraints on B d and θ . These are summarized in Tab. 1 together with the limits from IC and thermal/magnetic energy densities.
A 521 CIZA J2442 We compare our constraints with the magnetic field profile derived with Faraday rotation measurements (RM) for the Coma cluster [8, 9] . In doing that we re-scale distances in units of r 500 . This combination leads interesting insights about ε th /ε B in galaxy clusters, suggesting that the spatial profile of the magnetic field energy density is broader than that of the thermal gas (Fig. 2) . Alternatively, radio relics may trace dynamically active regions where B is locally amplified and then it appears biased high with respect to the average value in the cluster volume; note that indeed also the Faraday RM in [9] , at large distances (Fig. 2) , are taken in the region of the (Coma) relic.
